Purpose. α-Crystallins are molecular chaperones that protect various cells from apoptosis. This study used immunohistochemistry to examine the expression of αA-crystallin and αB-crystallin in human sebaceous carcinoma tissues. Methods. Nine patients with sebaceous carcinoma of the eyelid underwent excision of the eyelid or orbital exenteration. Formalin-fixed, paraffin-embedded tissue sections were submitted for hematoxylin-eosin staining and immunohistochemistry with anti-αA-and αB-crystallin antibodies. Results. In the noncancerous eyelid, α-crystallins were weakly and homogeneously expressed in the Meibomian gland lobules. In eyelids with sebaceous carcinoma, αA-crystallin and αB-crystallin were highly expressed in 4 cases, where the cytoplasmic immunoreactivity was heterogeneously detected in the tumor cells. Three and 2 cases were shown to express low levels of αA-crystallin and αBcrystallin, respectively. A statistically significant correlation was observed between expression levels of αA-crystallin and αB-crystallin in sebaceous carcinomas (p=0.012). All sebaceous carcinoma tissues contained mitotic tumor cells, which showed predominantly perinuclear immunoreactivity of αB-crystallin. The mitotic rate of tumor cells was 5.85±1.76 and 10.72±1.64 in high and moderate/low αB-crystallin-expressing cases, respectively. The number of mitotic cells was significantly higher in moderate/low αB-crystallin-positive than in high-positive cases (p<0.01). Conclusions. α-Crystallins are expressed in human sebaceous carcinomas including mitotic cells. Expression of αB-crystallin correlated with low number of mitotic tumor cells, suggesting that αBcrystallin may play a potential role in the regulation of tumor cell proliferation. (Eur J Ophthalmol 2009; 19: 702-7) 
INTRODUCTION
α-Crystallin, primarily found as a major protein in the mammalian lens, has 2 subunits: αA and αB. Both α-crystallins are members of the small heat shock protein (sHSP) family. They act as molecular chaperones, interact to form an aggregate, and play a prominent role in the maintenance of lens transparency (1) (2) (3) . Recent studies have demonstrated that α-crystallins are present not only in the lens, but also in other ocular tissues, including the retina and cornea (4) . α-Crystallins have been shown to have an antiapoptotic function, blocking proapoptotic mitochondrial pathways and thereby inhibiting activation of downstream apoptotic events (5) . Although there are no published reports on the presence of αA-crystallin, the expression of αB-crystallin in tumor tissues varies. While αB-crystallin is expressed in renal cancers and retinoblastomas (6) (7) (8) , it is absent in some types of thyroid cancers (9) . Increased expression of αB-crystallin is related to more advanced tumors (10) (11) (12) . In fact, αBcrystallin was shown to predict poorer prognosis in breast cancer (12) . These varying degrees of αB-crystallin expression suggest that its protein structure and metabolic roles are uniquely expressed in tumors (8) . α-Crystallins have Laboratories, West Grove, PA) for 30 minutes. A negative control was incubated with FITC-conjugated rabbit immunoglobulin G without treatment of the primary antibody. Slides were examined using a Zeiss LSM510 (Zeiss, Thornwood, NY) confocal microscope.
Statistical analysis
To evaluate the correlation with αA-crystallin and αBcrystallin distribution, statistical analysis was performed using the chi-square trend test. Student t-test was applied for evaluation of the significant difference between mitotic rate and immunoreactivity of αB-crystallin. Pearson correlation coefficient test was applied for evaluation of correlation with α-crystallin expression and tumor differentiation. Accepted level of significance for all tests was p<0.05.
RESULTS
Histologically, normal sebaceous glands were present in the vicinity of tumor nests in six cases of sebaceous carcinoma examined in this study. In the noncancerous area, αA-crystallin was homogeneously expressed in the Meibomian gland lobules ( Fig. 1 , A-C) and glands of Zeis. Immunoreactivity for αB-crystallin was faintly detected in the sebaceous gland ( Fig. 1 , D-F). Immunoreactivity for αA-crystallin and αB-crystallin was strongly detected in the skeletal muscle and weakly detected in the squamous epithelium of the eyelid skin. Table I summarizes the clinicopathologic profile revealed by this study. Expression of αA-crystallin showed a homogeneous pattern. αA-crystallin expression was low in 3 cases, and moderate in 2, while a high expression was seen in the remaining 4 cases. In Cases 2, 6, 7, and 9, αA-crystallin was highly expressed in tumor cells, where the immunoreactivity was detected in the cytoplasm of tumor cells ( Fig. 2D ). Expression of αB-crystallin was cytoplasmic, and showed a heterogeneous distribution. αBcrystallin expression was low in 2 cases, and moderate in 3, while a high expression was seen in the remaining 4 cases. Cases 1, 2, 6, and 7 represented high expression of been demonstrated to protect cancer cells from apoptotic signals (12, 13) . These results indicate that expression of α-crystallins in tumor cells may regulate tumor growth. Sebaceous carcinoma of the eyelid is a malignant solid tumor involving the Meibomian glands and the glands of Zeis. It is one of the most common eyelid malignancies of middle age. It can exhibit aggressive local behavior and can metastasize to regional lymph nodes and distant organs (14) . Since mitotic activity is usually high in sebaceous carcinoma of the eyelid (15) , it may be a good example in analysis of the relationship between mitosis and the targeted protein expression. This study used immunohistochemistry to examine the expression of αA-crystallins and αBcrystallins in human sebaceous carcinoma tissues.
Expression of α-crystallins in tumor cells of human sebaceous carcinoma

MATERIALS AND METHODS
The Institutional Review Board of the University of Southern California approved our use of human specimens. All procedures conformed to the Declaration of Helsinki for research involving human subjects. We collected 9 cases with sebaceous carcinoma using the medical records of patients seen at the Doheny Eye Institute from January 1975 through August 2008. All eyeballs had been fixed in 4% paraformaldehyde soon after excision or orbital exenteration. Formalin-fixed, paraffin-embedded tissue sections were processed for routine hematoxylin-eosin (HE) staining and immunohistochemistry. The number of mitotic tumor cells was calculated in HE staining specimens under high magnification (objective lens: ×40) from 3 fields. The mitotic rate shows percentage of mitotic tumor cells in all tumor cells (%) in each case.
Immunohistochemistry
The slides were deparaffinized using xylene (for 6 min), 100% ethanol, and 95% ethanol. The slides were rinsed with tap water for 1 minute and transferred to a container of 1× concentration of phosphate-buffered saline. These slides were incubated with 3% hydrogen peroxide for 10 minutes, then with normal goat serum for 30 minutes. Sections were then incubated with anti-αA-crystallin and αBcrystallin rabbit polyclonal antibody (1:100 Stressgen, Ann Arbor, MI) at room temperature for 2 hours. Binding of the primary antibody was localized with the FITC-conjugated anti-rabbit secondary antibody (Jackson ImmunoResearch ma was noted in 3 cases out of 9. A statistically significant correlation was observed between expression levels of αA-crystallin and αB-crystallin in sebaceous carcinomas (p<0.05). αA-crystallin (p=0.26) or αB-crystallin (p=0.23) αB-crystallin, where the cytoplasmic immunoreactivity was heterogeneously detected in the tumor cells ( Fig. 2G ). Low levels of αA-crystallin and αB-crystallin expressions were similar. High expression of both crystallins in the carcino- αB-crystallin, the latter of which was predominantly detected ( Fig. 3 ). Mitotic rate of tumor cells was 5.85±1.76 and 10.72±1.64 in high and moderate/low αB-crystallin-positive cases, respectively. The number of mitotic cells was significantly higher in moderate/low αB-crystallin-positive than in high-positive cases (p<0.01). In contrast, the mitotic rate of tumor cells was 6.65±2.49 and 10.08±2.64 in high and moderate/low αA-crystallin-positive cases, respectively. No significant difference was seen between αA-crystallin expression and tumor cell mitoses (p=0.08).
expression did not correspond to degree of tumor differentiation. α-Crystallin immunoreactivity was not detected in inflammatory cells infiltrating the tumor stroma.
Expression of α-crystallins in mitotic tumor cells
All sebaceous carcinoma tissues contained mitotic tumor cells ( Fig. 3A) . In α-crystallin-positive cases, mitotic cells showed perinuclear immunoreactivity of αA-crystallin and 
DISCUSSION
Previous reports have shown that αB-crystallin is expressed in various malignant solid tumors. We showed that not only αB-crystallin, but also αA-crystallin, was expressed in sebaceous carcinoma cells. In addition, we showed a significant distribution between the expression of both crystallins in tumors. Mao et al (5) demonstrated that both αA-crystallin and αB-crystallin exert an antiapoptotic function by blocking proapoptotic mitochondrial pathways, thereby inhibiting the activation of downstream apoptotic events. On the other hand, Khurana et al (13) demonstrated that αA-crystallin upregulation protected photoreceptors from apoptotic signals associated with experimental ocular inflammation. These results suggest that αA-crystallin has a potential role in tumor growth as well. Uehara and Ohba (16) confirmed that cytotoxic and helper T-lymphocytes infiltrated the stroma of sebaceous carcinoma tissues. Therefore, α-crystallin allows tumor cells to acquire immune privilege and escape from apoptotic signals in sebaceous carcinoma. We showed that 3 and 2 sebaceous carcinoma cases examined represented low expression of αA-crystallin and αB-crystallin, respectively. This phenomenon may be explained by at least 2 presumed mechanisms. Mineva et al (9) demonstrated that αB-crystallin was markedly downregulated in malignant anaplastic thyroid carcinomas in contrast to their benign lesions. Although αB-crystallin may prevent the cell death of the tumor in its early stages, a very specific αB-crystallin gene silencing occurs later that correlates with downregulation of αB-crystallin and subsequent chromosomal damage (9) . The other possibility is that sebaceous carcinoma cells showing low expression of α-crystallins may use different sHSPs, such as HSP27, to escape from apoptotic signals like various systemic cancers (17) .
In the present study, we found that immunoreactivity for α-crystallins was detected not only in the cytoplasm of non-mitotic tumor cells, but in perinuclei of mitotic cells. α-Crystallins regulate cell cycle and cell growth (18) . αA-crystallin expression in vivo protects against cell death during mitosis in the epithelial cells (19) . αB-crystallin helps maintain the genomic stability and cell proliferation in epithelial cells (18) . We also demonstrated that αB-crystallin immunoreactivity correlated with low mitotic activity. These important facts suggest that αB-crystallin may regulate tumor cell replication at an early stage. Those cases that are αB-crystallin-negative, however, may be later stages and may represent carcinomas of a more aggressive nature than those positive cases.
The present study has demonstrated that α-crystallins were expressed in sebaceous carcinoma cells, suggesting that α-crystallin may be a novel therapeutic target. Therapies that attempt to balance the level of α-crystallins by inhibiting the signal transduction pathway in tumor cells (12) would be effective at alleviating tumor growth. Other possible solutions to stop α-crystallin activity include using antisense or nucleotide-based therapies to sensitize the tumor to apoptotic inducers and anticancer drugs (17) . Therefore, peptide/RNA aptamers or chemical chaperones that bind to specific structures on α-crystallin may reduce the tumors' activities. Development and understanding of the functions of α-crystallins may contribute to application of a novel therapy for patients with sebaceous carcinoma in the future.
